Musculoskeletal disorders affect a significant proportion of people, especially among the aging population. In comparison with traditional treatment, multi/pluripotent cell-based therapies exhibit better performance in their ability to induce the regeneration of damaged musculoskeletal tissues and are regarded as a promising therapeutic method for the purpose of musculoskeletal regeneration. This minireview comprises a brief overview of recently investigated multi/pluripotent cells and their effectiveness in musculoskeletal regeneration. Furthermore, advantages, drawbacks and future perspectives on different multi/pluripotent cells are concisely addressed, which point to an emergent demand for a novel regenerative cell source that can be safely used for musculoskeletal tissue regeneration.
INTRODUCTION
The musculoskeletal system consists of muscles, bones, cartilage, tendons, ligaments, joints and other connective tissues, which give form, support, stability, and movement to the body. Diseases of the musculoskeletal system are the most common functional disorders or motion discordances, which can affect many different parts of the body. Musculoskeletal disorders are the second leading cause of disability and have increasingly become a global healthcare issue [1] . More than half of people over the age of 18 in the US suffer from a MED ONE 2018, 3: e180010 | Email: mo@qingres.com October 19, 2018 2 musculoskeletal disorder [2] . These disorders account for more than $200 billion in medical expenses on an annual basis [2] . A variety of procedures have been conducted to enhance the repair or regeneration of damaged musculoskeletal tissues, but healing is imperfect in many cases. This is especially true in extensive-size defects where the endogenous progenitors are unable to restore tissue integrity and function. Thanks to advances in stem cell biology and cell reprogramming technology, a diversity of multipotent and pluripotent cells have been investigated for the purpose of musculoskeletal regeneration, which mostly overcome the difficulties associated with traditional treatments. However, several drawbacks including donor site damage, deficient cell availability, poor survivability, restricted proliferation, limited spreading, and dedifferentiation must be overcome before these cells can be officially used in clinical therapy [3] .
DIFFERENT STEM CELLS IN MUSCULOSKELETAL REGENERATION

Adult mesenchymal stem cells
For decades, a number of multipotent cell sources have been explored for the purpose of musculoskeletal regeneration. The most notable among these cells are mesenchymal stem cells (MSCs). Adult MSCs can be isolated from a variety of tissues including bone marrow, adipose tissue, perichondrium, cartilage, tendon, muscle, skin, dental pulp, gut, liver, salivary glands, etc. However, isolating procedures are generally invasive and painful, and often supply an insufficient yield of MSCs, resulting in the need for long-term cultivation [4] , which can jeopardize the differentiation potential of adult MSCs [5] and induce malignant transformation [6] . In addition, as the age of the donor increases, the cells' capability to proliferate and differentiate is significantly reduced [7, 8] . This raises more serious concerns regarding the prospect of obtaining a sufficient quantity of functional autogenous MSCs from elderly patients-the population with the highest demand for cell-based regenerative medicine. It is also worth noting that some researchers remain skeptical about MSCs, arguing that the effects of MSCs are exaggerated and still controversial [9] . Since the identity and biological activity of MSCs are still not fully revealed, some researchers even question the stemness of MSCs [9] . Arnorld I. Caplan at Case Western Reserve University, one of the pioneers of MSC research, suggested that endogenous MSCs derived from pericytes fabricate and secrete many bioactive factors that are strongly immunomodulatory from one side and secrete a different array of trophic factors which set-up a regenerative microenvironment from another side in the natural injury response [10] . Indeed, a recent study found that endogenous adult pericytes are not the cellular progenitors of new fibroblasts or myocytes in aging or post-injury in vivo, which challenges the current view of endogenous pericytes as multipotent tissueresident progenitors [11] . These results demonstrate that instead of directly differentiating into the target tissues, adult MSCs seem to offer regenerative benefits by producing and secreting a diverse array of bioactive soluble factors [10] . Unfortunately, these bioactive factors can also enhance the proliferation, migration, and angiogenesis of tumor cells [12] . In addition, the immunosuppressive potential of MSCs may reduce T-cell proliferation, which, in turn, suppresses the antineoplastic response [12] . Recent studies show that human adult MSCs not only can develop chromosomal aberrations during cultivation, but also can undergo spontaneous tumorigenic transformation [13] , promote the growth of co-cultured glioblastoma multiforme cells in vitro, and support glioblastoma development in vivo [14] . Animal studies, in particular, have revealed the direct and indirect involvement of MSCs in sarcomagenesis [12] , especially in the pr esenc e o f inf lammat or y stimulation [15] . Therefore, adult MSCs may not be a safe cell source for use in musculoskeletal regeneration, especially in an inflammatory microenvironment that is generally seen in trauma settings.
Fetal mesenchymal stem cells
In addition to adult MSCs, fetal MSCs isolated from umbilical cords, umbilical cord blood, amniotic membrane and amniotic fluid show similar surface marker expression, high differentiation potential, and low immunogenicity [16] . Although fetal MSCs display a remarkable aptitude for tissue regeneration, the use of fetal MSCs seems to be accompanied by more advanced technological and regulatory requirements, as well as the financial support necessary to meet these higher standards. Furthermore, the absence of standard isolation/purification methods, rejection in allogeneic use, and costly storage for future use in autologous applications pose tremendous challenges to the bench-to-bed translation of fetal MSCs [16] . Although it would be difficult to implement fetal MSC-based therapies as the standard treatment in all cases, it is possible that fetal MSCs could be a viable treatment option under specific circumstances. regenerative properties (including for osteogenic and myogenic purposes) for many years [17] . The ethics of ESC research, however, are a significant obstacle since the isolation of ESCs requires the destruction of human embryos [18] . In addition, due to the allogeneic nature of ESCs, immunogenicity in clinical use requires consideration, especially because the immunological properties of ESCs are still controversial. Findings range broadly from suggestions that ESCs can trigger an immune response to claims that ESCs are unique in their lack of immunogenicity and elicit a negligible immune response [19, 20] . Importantly, the genomic instability and tumorigenic properties of ESCs make them impractical for administration in human bodies at the present stage [17] .
Embryonic stem cells
Induced pluripotent stem cells
The success of induced pluripotent stem cells (iPSCs) was a huge breakthrough for tissue regeneration. Personalized cell therapy that utilizes a patient's own cells to make iPSCs can overcome the aforementioned ethical dilemma and potential immunogenicit y hindering ESCs and MSCs application. Another advantage of iPSC generation is that the isolation of starting materials does not require severely invasive or painful procedures. For instance, iPSCs can be directly reprogrammed from dermal fibroblasts-a cell source that is easily obtained and expanded from a skin biopsy [21] . In addition, the age of the donor does not affect the differentiation potential of iPSCs [22] . Unfortunately, the use of iPSCs may induce unwanted gene activation and genomic alterations due to the introduction of transcription factors (such as the Yamanaka or Thomson factors that are pivotal to embryonic development) into the genome of target somatic cells [23] . Furthermore, although multiple strategies are devoted to replacing the genomic integration procedure and oncogenic molecules, even in comparison with ESCs, iPSCs show a high tumorigenicity risk [23] , which is a nonnegligible obstruction to their administration in clinical applications.
Multi-lineage differentiating stress enduring cells
Multi-lineage differentiating stress enduring (MUSE) cells were first isolated from bone marrow in 2010 [24] . Like ESCs and iPSCs, MUSE cells express classic pluripotency markers, although at much lower levels, and hold the potential for triploblastic differentiation from a single cell [25] . As a small population of MSCs, MUSE cells have been found throughout different mesenchymal tissues [26] . However, it is necessary for the raw material, such as bone marrow stromal cells [24] , dermal fibroblasts [24, 25] and lipoaspirate [27] , to be exposed to severe cellular stress conditions such as long-term collagenase incubation, isolation from nutrients, low temperatures, and hypoxia in order to purify the MUSE cells from the MSCs. Interestingly, in the "elite model" of iPSC generation, MUSE cells are considered to be the subpopulation of MSCs that give rise to iPSCs [25] ; however, no teratoma formation was observed when MUSE cells were injected into mice throughout a 6-month period [26] . It is worth pointing out that the mechanism governing the transition from nontumorigenic MUSE cells to tumorigenic iPSCs remains an enigma, and that the genomic stability of MUSE cells has not been fully investigated. Although MUSE cells may be a candidate for musculoskeletal tissue regeneration and stem cell therapy, there has been no direct evaluation of the efficacy or safety of MUSE cells in bone or muscle regeneration, and therefore further investigation is warranted.
Other induced multipotent stem cells
Inspired by previous explorations that acquired pluripotency by either transferring a somatic cell nucleus to an oocyte [28] or fusing a somatic cell with an ESC [29] , researchers were able to successfully produce induced multipotent stem cells (iMSCs) from somatic cells via Xenopus egg extracts [30] , fish oocyte extracts [31] , ESC extracts [32] , and even carcinoma extracts [32] . Although the undefined component of these extracts makes it almost impossible to use these iMSCs in humans, the results strongly support that the microenvironment surrounding the pluripotent cells may be important in cell fate determination, including maintaining or inducing the multi/pluripotency [33] . Umbilical cord-derived MSCs, a prototype of fetal MSCs mainly purified from Wharton's jelly, a proteoglycan-rich connective tissue, raise the question whether it is possible to reprogram connective tissue somatic cells to some degree of multipotency/pluripotency by re-establishing a proteoglycan-rich microenvironment. Previous studies show that fibromodulin (FMOD) is a vital component for the maintenance of endogenous stem cell niches [34] . In addition, FMOD's essential function in scarless fetal wound healing [35] and reduced scar formation in adult cutaneous wounds (by eliciting a fetal-like phenotype of adult dermal fibroblasts) are suggestive of its potency for cell fate determination and reprogramming [36, 37] .
In 2012, we successfully generated multipotent cells from human dermal fibroblasts by continuous stimulation with recombinant human FMOD under serum-free conditions at an efficiency of 0.03% which is comparable to the original retroviral-mediated iPSC reprogramming rates [38, 39] . Like iPSCs, the yield FMOD reprogrammed (FReP) cells can be [23] . On the contrary, FMOD reprogramming seems to establish a microenvironment that mimics the quiescent stem cell niche [38] . Importantly, unlike undifferentiated iPSCs, including those generated from RNA [40] , protein [23] or chemical-based techniques [41] , that form teratomas as a consequence of uncontrolled cellular proliferation, undifferentiated FReP cells do not generate tumors in vivo [38] . For example, our preliminary data also showed that in an intramuscular microenvironment, iPSCs implantation led to tumor formation in 25% of tested animals, while no teratomas or other kinds of tumors were generated from FReP cells in severe combined immunodeficient (SCID) mice [42] . Thus, FReP cells closely resemble quiescent stem cells in multiple ways, as expected [38] . Interestingly, FReP cells also exhibit several critical characteristics of MUSE cells [26] . However, in comparison with MUSE cell collection, FMOD reprogramming does not require hypoxia or low temperatures, and the process is not accompanied by the death of surrounding supporting cells. On the other hand, under osteogenic or myogenic stimulation, FReP cells present faster proliferation and differentiation than iPSCs in vitro [38] . Excitingly, our study also showed that FReP cells display a superior capability for bone and skeletal muscle regeneration in comparison with iPSCs [38, 43] . These results collectively support FReP cells as a safer cell source for musculoskeletal tissue regeneration than iPSCs [38, 43] . Nevertheless, it is worth noting that, at the current stage, FMOD reprogramming is a relatively long process and its efficiency is still low; however, this could be significantly improved by a dedicated collaboration focused on refining the reprogramming procedure, similar to what took place with iPSC generation. Moreover, the detailed mechanism of FMOD reprogramming remains to be explored. Clearly, the study of FReP cells is still in the preliminary stage. Further investigation with a broad range of collaboration, particularly long-term safety and efficacy assessments, must be conducted in advance of the clinical applications of FReP cells.
CONCLUSION
In summary, the advantages and disadvantages of the aforementioned regenerative cell sources are listed in Table 1 . In our opinion, although a variety of multi/pluripotent cell sources exhibit potential for use in musculoskeletal regeneration, each of these cell sources has their own obstacles that need to be surmounted before they can be applied on a large scale in clinics. For these reasons, there is still an urgent demand for the development of a safe and easily obtainable cell source for musculoskeletal regeneration. 
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